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Abstract

Thi s docunent defines an RTP Control Protocol (RTCP) Extended Report
(XR) block that allows the reporting of de-jitter buffer metrics for
a range of RTP applications.
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1. Introduction
1.1. De-Jitter Buffer Metrics Bl ock

Thi s docunent defines a new block type to augnent those defined in
[ RFC3611] for use in a range of RTP applications.

The new bl ock type provides information on de-jitter buffer
configuration and performance.

The netric belongs to the class of transport-related end-system
metrics defined in [ RFC6792].

Instances of this netrics block refer by synchronization source
(SSRC) to the separate auxiliary Measurenent |Information Bl ock
[ RFC6776], which contains information such as the SSRC of the
measured stream and RTP sequence nunbers and tine intervals

i ndi cating the span of the report.

1.2. RTCP and RTCP Extended Reports

The use of RTCP for reporting is defined in [RFC3550]. [RFC3611]
defines an extensible structure for reporting using an RTCP Ext ended
Report (XR). This docunent defines a new Extended Report bl ock for
use with [ RFC3550] and [ RFC3611].

1.3. Perf ormance Metrics Franework

"Qui del i nes for Considering New Performance Metric Devel opnent”

[ RFC6390] provi des gui dance on the definition and specification of
performance metrics. "CQuidelines for Use of the RTP Monitoring
Framewor k" [ RFC6792] provi des gui dance on the reporting bl ock fornmat
using RTCP XR Metrics described in this docunent are in accordance
with the guidelines in [ RFC6390] and [ RFC6792] .

1.4. Applicability

Real -time applications enploy a de-jitter buffer [ RFC5481] to absorb
jitter introduced on the path fromsource to destination. These
metrics are used to report how the de-jitter buffer at the receiving
end of the RTP stream behaves as a result of jitter in the network;
they are applicable to a range of RTP applications.

These netrics correspond to termnal-related factors that affect
real -tinme application quality and are useful for providing a better
end-user quality of experience (QE) when these terninal-rel ated
factors are used as inputs to calculate QoE netrics [ QvB].
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3.

St andar ds Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].

De-Jitter Buffer Operation

A de-jitter buffer is required to absorb delay variation in the
network delivery of nedia packets. A de-jitter buffer works by

hol ding nedia data for a period of tinme after it is received and
before it is played out. Packets that arrive early are held in the
de-jitter buffer longer. |f packets arrive too early, they may be
discarded if there is no available de-jitter buffer space. |If
packets are del ayed excessively by the network, they may be di scarded
if they miss their playout tine.

The de-jitter buffer can be considered a time wi ndowwith the early
edge aligned with the delay corresponding to the earliest arriving
packet and the | ate edge representing the maxi num perm ssi bl e del ay
before a late arriving packet woul d be discarded. The delay applied
to packets that arrive on tinme or at their expected arrival tine is
known as the nonminal delay, and this is equivalent to the tine

di fference/buffer size difference between the insertion point of the
on-time packets and the point at which the packets are read out.

The reference for the expected arrival time may be, for exanple, the
first packet in the session or the running average delay. |If al
packets arrived at their expected arrival time, then every packet
woul d be held in the de-jitter buffer exactly the noninal del ay.

The de-jitter buffer maximumdelay is the delay that is applied to
the earliest arriving packet that is not discarded and corresponds to
the early edge of the de-jitter buffer tinme w ndow.

1. ldealized De-Jitter Buffer
In practice, de-jitter buffer inplementations vary considerably;

however, they shoul d behave in a manner conceptually consistent with
an idealized de-jitter buffer, which is described as foll ows:
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(i) Receive the first packet and del ay playout by D ns. Keep the
RTP timestanmp (TS) and receive tinme as a reference

RTP TS[ 1]
receive time[1]

Assume that both are normalized in ticks (there are 10, 000
ticks in a mllisecond).

(ii) Recei ve the next packet.

(iii) Calculate r = RTP TS[n] - RTP TS[1] and t = receive tinmge[n] -
receive tinme[1l]. |If r ==1t, then the packet arrived on time.
If r <t, then the packet arrived late, and if r > t, then the
packet arrived early.

(iv) Del ay pl ayout of packet by D + (r-t).
(v) Go back to (ii).

Note that this idealized inplenentation assunes that the sender’s RTP
clock is synchronized to the clock in the receiver, which is used to
ti mestanp packet arrivals. |f there is no such inherent
synchroni zati on, the systemmy need to use an adaptive de-jitter
buffer or other techniques to ensure reliable reception

3.2. Fixed De-Jitter Buffer

A fixed de-jitter buffer lacks provision to track the condition of
the network and has a fixed size, and packets |leaving the de-jitter
buffer have a constant delay. For fixed de-jitter buffer

i npl ementation, the nominal delay is set to a constant val ue
corresponding to the packets that arrive at their expected arriva
time, while the maximumdelay is set to a constant val ue
corresponding to the fixed size of the de-jitter buffer

3.3. Adaptive De-Jitter Buffer

An adaptive de-jitter buffer can adapt to the change in the network’'s
del ay and has variable size or variable delay. It allows the nonina
delay to be set to a lowvalue initially to mninize user perceived
del ay; however, it can autonmatically extend the |ate edge (and
possibly also retract the early edge) of a buffer windowif a
significant proportion of the packets are arriving late (and hence
bei ng di scarded).
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4.

4.

4.

1.

2.

De-Jitter Buffer Metrics Bl ock

Thi s bl ock describes the configuration and operating paraneters of
the de-jitter buffer in the receiver of the RTP end systemor RTP

m xer that sends the report. |Instances of this netrics block use the
SSRC to refer to the separate auxiliary Measurenment |nformation Bl ock
[ RFC6776], which describes the measurenment periods in use (see

[ RFC6776], Section 4.2). This netrics block relies on the
measurenent interval in the Measurenment Information Bl ock indicating
the span of the report and MJUST be sent in the same conpound RTCP
packet as the Measurenment Information Block. |[If the neasurenent
interval is not received in the same conmpound RTCP packet as this
metrics block, this metrics block MIST be discarded.

Report Bl ock Structure
De-Jitter Buffer (DIB) Metrics Bl ock

0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| BT=23 | 1 | resv | Bl ock Lengt h=3 |
i i i T i I S i e s o o i i
| SSRC of Source |
R et e s i o e s i i

| DJB nomi nal | DJIB maxi num |
B i s T T i i o S o T Ji I
| DIB hi gh-water mark | DIB | ow wat er mark |

T S S T i o S S e i e S I S i S
Figure 1: Report Block Structure

Definition of Fields in De-Jitter Buffer Metrics Bl ock

Bl ock Type (BT): 8 bits

A De-Jitter Buffer Metrics Report Block is identified by the
constant 23.

Interval Metric flag (1): 2 bits

This field is used to indicate whether the de-jitter buffer
metrics are Sanpled, Interval, or Cunul ative netrics:

I =01: Sanpled Value - the reported value is a sanpl ed
i nst ant aneous val ue.
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1=10: Interval Duration - the reported value applies to the
nmost recent neasurenent interval duration between successive
metrics reports.

I =11: Cunul ative Duration - the reported value applies to the
accunul ation period characteristic of cunul ative nmeasurenents.

In this docurment, de-jitter buffer nmetrics can only be sanpl ed and
cannot be neasured over definite intervals. Also, the value |=00
is reserved for future use. Senders MJST NOT use the val ues |=00,
1=10, or 1=11. |If a block is received with 1=00, 1=10, or =11
the receiver MJUST discard the bl ock

Jitter Buffer Configuration (C: 1 bit

This field is used to identify the de-jitter buffer nethod in use
at the receiver, according to the foll ow ng code:

0 Fi xed de-jitter buffer

1

Adaptive de-jitter buffer
Reserved (resv): 5 bits

These bits are reserved. They MJST be set to zero by senders and
i gnored by receivers (see [RFC6709], Section 4.2).

Bl ock Length: 16 bits
The I ength of this report block in 32-bit words, minus one, in
accordance with the definition in [RFC3611]. This field MJST be
set to 3 to match the fixed |l ength of the report bl ock

SSRC of Source: 32 bits
As defined in Section 4.1 of [RFC3611].

De-jitter buffer nom nal delay (DJB nominal): 16 bits
This is the current nonminal de-jitter buffer delay (in
m | 1iseconds) that corresponds to the nominal de-jitter buffer
delay for packets that arrive exactly on time. It is calculated
based on the tine spent in the de-jitter buffer for the packet

that arrives exactly on tine. This paranmeter MJST be provided for
both fixed and adaptive de-jitter buffer inplenentations.
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The neasured value is an unsigned value. |f the measured val ue
exceeds OxFFFD, the val ue OxFFFE MJST be reported to indicate an
over-range neasurenent. |If the neasurenent is unavail able, the

val ue OxFFFF MUST be reported.

¥

jitter buffer maxi num delay (DJB maximun): 16 bits

This is the current maxi numde-jitter buffer delay (in

m | 1iseconds) that corresponds to the earliest arriving packet
that would not be discarded. It is calculated based on the time
spent in the de-jitter buffer for the earliest arriving packet.
In sinple queue inplenentations, this may correspond to the size
of the de-jitter buffer. |In adaptive de-jitter buffer

i mpl ementations, this value may vary dynam cally. This paraneter
MJST be provided for both fixed and adaptive de-jitter buffer

i mpl ement ati ons.

The neasured value is an unsigned value. |f the nmeasured val ue
exceeds OxFFFD, the val ue OXFFFE MJST be reported to indicate an
over-range neasurenment. |f the neasurenent is unavail able, the

val ue OxFFFF MUST be reported.

3

jitter buffer high-water mark (DJB high-water mark): 16 bits

This is the highest value of the de-jitter buffer nominal delay
(in mlliseconds) that occurred at any tine during the reporting
interval. This paraneter MJST be provided for adaptive de-jitter
buffer inplenentations, and its value MJST be set to DIJB naxi mum
for fixed de-jitter buffer inplenentations.

The neasured value is an unsigned value. |f the measured val ue
exceeds OxXFFFD, the val ue OxFFFE MJST be reported to indicate an
over-range neasurenent. |If the neasurenent is unavail able, the

val ue OxFFFF MUST be reported.

¥

jitter buffer lowwater mark (DIJB lowwater nmark): 16 bits

This is the | owest value of the de-jitter buffer nom nal delay (in
mlliseconds) that occurred at any time during the reporting
interval. This paraneter MJST be provided for adaptive de-jitter
buffer inplenentations, and its value MJST be set to DJB naxi mum
for fixed de-jitter buffer inplenentations.

The neasured value is an unsigned value. |[|f the measured val ue
exceeds OxXFFFD, the val ue OXFFFE MJST be reported to indicate an
over-range neasurenent. |f the neasurenent is unavail able, the

val ue OxFFFF MUST be reported.
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5. SDP Signaling
[ RFC3611] defines the use of the Session Description Protocol (SDP)
[ RFC4566] for signaling the use of XR blocks. However, XR bl ocks MAY
be used without prior signaling (see Section 5 of RFC 3611).

5.1. SDP rtcp-xr-attrib Attribute Extension
This section augnents the SDP [ RFC4566] attribute "rtcp-xr" defined
in [RFC3611] by providing an additional value of "xr-format" to
signal the use of the report block defined in this docunent.
xr-format =/ xr-djb-bl ock
xr-djb-block = "de-jitter-buffer"

5.2. Ofer/Answer Usage
When SDP is used in Ofer/Answer context [RFC3264], the SDP O fer/
Answer usage defined in [ RFC3611] for unilateral "rtcp-xr" attribute
paraneters applies. For detailed usage of O fer/Answer for
unil ateral paraneters, refer to Section 5.2 of [RFC3611].

6. | ANA Consi derations
New bl ock types for RTCP XR are subject to | ANA registration. For
general guidelines on | ANA considerations for RTCP XR, refer to
[ RFC3611] .

6.1. New RTCP XR Bl ock Type Val ue
Thi s docunent assigns the block type value 23 in the | ANA "RTP
Control Protocol Extended Reports (RTCP XR) Bl ock Type Registry" to
the "De-Jitter Buffer Metrics Bl ock".

6.2. New RTCP XR SDP Par amet er
Thi s docunent al so registers a new paranmeter "de-jitter-buffer" in

the "RTP Control Protocol Extended Reports (RTCP XR) Session
Description Protocol (SDP) Paraneters Registry".
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6.3. Contact Information for Registrations
The contact information for registrations is:

Q n Wi (sunseawg@uawei . con

101 Software Avenue, Yuhua District
Nanjing, Jiangsu 210012

Chi na

7. Security Considerations

It is believed that this RTCP XR bl ock introduces no new security
consi derati ons beyond those described in [RFC3611]. This bl ock does
not provi de per-packet statistics, so the risk to confidentiality
docunented in Section 7, paragraph 3 of [RFC3611] does not apply.
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Appendi x A, Metrics Represented Using the Tenplate from RFC 6390

a.

d ark,

De-

*

3

et

Jitter Buffer Nom nal Delay Metric

Metric Nane: De-jitter buffer nom nal delay in RTP

Metric Description: The "expected arrival tine" is the tine
that an RTP packet would arrive if there was no del ay
variation. The delay applied to packets that arrive at their
expected tine is known as the Nom nal Del ay.

Met hod of Measurenent or Cal cul ati on: See Section 4.2,
de-jitter buffer nonminal delay definition.

Units of Measurement: See Section 4.2, de-jitter buffer
nom nal delay definition.

Measurenent Point(s) with Potential Measurenent Dommin: See
Section 4.

Measurenment Timng: See Section 4 for nmeasurement timng and
Section 4.2 for Interval Metric flag.

Use and Applications: See Section 1.4.

Reporting Mddel: See RFC 3611.

Jitter Buffer Maximum Delay Metric

Metric Name: De-jitter buffer maxi mumdelay in RTP.

Metric Description: It is the current maxi numde-jitter buffer
delay for RTP traffic that corresponds to the earliest
arriving packet that woul d not be discarded.

Met hod of Measurement or Cal cul ati on: See Section 4.2,
de-jitter buffer maxi mum delay definition and Section 3, the

| ast par agraph.

Units of Measurenment: See Section 4.2, de-jitter buffer
maxi mum del ay definition.

Measurenment Point(s) with Potential Measurenent Domain: See
Section 4.

Measurenment Timing: See Section 4 for nmeasurenment timng and
Section 4.2 for Interval Metric flag.
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Use and Applications: See Section 1.4.

Reporting Model: See RFC 3611.

Jitter Buffer H gh-Water Mark Metric

Metric Name: De-jitter buffer high-water mark in RTP.
Metric Description: It is the highest value of the de-jitter
buffer nomi nal delay for RTP traffic which occurred at any

time during the reporting interval.

Met hod of Measurenent or Cal cul ation: See Section 4.2,
de-jitter buffer high-water mark definition.

Units of Measurenment: See Section 4.2, de-jitter buffer
nonmi nal delay definition.

Measurenent Point(s) with Potential Measurenent Domain: See
Section 4.

Measurenment Timing: See Section 4 for nmeasurenment timng and
Section 4.2 for Interval Metric flag.

Use and Applications: See Section 1.4.

Reporting Mddel: See RFC 3611.

Jitter Buffer Low Water Mark Metric

Metric Name: De-jitter buffer lowwater mark in RTP.

Metric Description: It is the |owest value of the de-jitter
buffer nom nal delay (for RTP traffic) that occurred at any

time during the reporting interval.

Met hod of Measurenent or Cal cul ati on: See Section 4.2,
de-jitter buffer lowwater mark definition.

Units of Measurenent: See Section 4.2, de-jitter buffer |ow
wat er mark definition.

Measurenment Point(s) with Potential Measurenent Domain: See
Section 4, 1st paragraph.

Measurenment Timing: See Section 4 for nmeasurenment timng and
Section 4.2 for Interval Metric flag.
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* Use and Applications: See Section 1.4.
* Reporting Mdel: See RFC 3611.
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